Surgical resection supplemented with adjuvant chemotherapy is the current preferred treatment for Stage III colorectal cancer (CRC). However, as many as 48% of patients who undergo curative resection eventually suffer from incurable distant recurrence. To investigate the molecular mechanisms involved in Stage III CRC post-surgical distant recurrence, we identified a total of 146 differentially expressed proteins (DEPs) associated with distant recurrence in Stage III CRC using TMT-based quantitative mass spectrometry. Among these DEPs, the altered expressions of R-Ras and Transgelin were then validated in 192 individual specimens using immunohistochemistry (IHC). Furthermore, Kaplan-Meier analysis revealed that the levels of R-Ras and Transgelin were significantly associated with 5-year overall survival (OS) and disease-free survival (DFS), and multivariate Cox-regression analyses revealed that R-Ras and Transgelin were independent prognostic factors for OS and DFS, respectively. In conclusion, this study identified potential biochemical players involved in distant recurrence and indicates that R-Ras and Transgelin are potential post-surgical prognostic biomarkers for Stage III CRC. This proteomics data have been submitted to Proteome Xchange under accession number PXD002903.
INTRODUCTION
Colorectal cancer (CRC) is a substantial health problem worldwide, with approximately 1,360,600 new cases diagnosed and 693,900 deaths in 2012, ranking second in newly-diagnosed cancer cases and fourth in cancer-related mortality [1] . Stage I and II CRC can be cured by surgical resection, while metastatic Stage IV is usually incurable [2] . For Stage III CRC, surgical resection with adjuvant chemotherapy is the standard of care [3] . Unfortunately, 48% of patients with Stage III CRC develop incurable distant recurrence within 5 years post-surgery [4] ; this is one of the major obstacles to improving the prognosis of patients with CRC.
Several factors, such as nodal extension and tumor size [4] , have been reported to be associated with the risk of distant recurrence in CRC patients. However, these factors provide little biochemical information of the primary tumor itself. To reveal the molecular features associated with post-surgical distant recurrence in patients with Stage III CRC, we used TMT-based quantitative mass spectrometry to investigate the proteomic difference between the tumor tissues of patients with a good outcome and patients who suffered from distant recurrence. A total of 146 differentially expressed proteins (DEPs) were identified and over-representation of Gene Ontology (GO) categories, biological pathways and protein complexes within these DEPs were assessed using bioinformatics
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tools. The results revealed that the proteins related to extracellular matrix, exosome and contractile fiber play an important role in the tumor relapse. Among the 146 DEPs, R-Ras and Transgelin were further validated via immunohistochemistry (IHC) and clinicopathological statistics, and the expression levels of these proteins were found to correlate positively with the survival outcome of Stage III CRC patients. This study not only provides an insight into the cellular and molecular mechanisms involved in the post-surgical distant recurrence, but also reveals that R-Ras and Transgelin may serve as prognostic biomarkers of Stage III CRC in clinical practice.
RESULTS

TMT-based quantitative MS identified 146 DEPs associated with post-surgical distant recurrence in patients with Stage III CRC
Based on the depth of tumor growth and the number of positive regional lymph nodes, Stage III CRC is subdivided into IIIA, IIIB and IIIC in the TNM Staging System [5, 6] . Stage IIIA is much less common than IIIB and IIIC CRC, and notably, has a relatively good prognosis [5, 6] . At the beginning of this study, we compared protein abundances in the tumor tissues of patients with a good outcome and patients who suffered distant recurrence in a high-throughput manner using two TMT-based quantitative MS experiments (Table 1) . Stage IIIB and IIIC specimens were respectively recruited in order to explore the subgroupspecific factors that potentially influence post-surgical distant recurrence in Stage III CRC.
Each MS experiment analyzed two patients with a good outcome and two patients who developed postsurgical distant recurrence ( Table 1 ). The patient tumor specimens were homogenized, solubilized, digested and then labeled with isobaric TMT reagents of isotopic reporters. Consequently, the labeled samples were pooled and analyzed via MS, and the raw spectrum data were analyzed using Proteome Discoverer 1.4. Eventually, 3,222 and 2,818 proteins were identified in the Stage IIIB and IIIC patient groups, respectively (Supplementary Table S1 ) with an overlap of 2,383 (>73.9%) proteins (Supplementary Figure S1A) . More than 99.2% (3,198 of 3,222 and 2,798 of 2,818) of the proteins in each group were quantifiable.
Based on the criteria given in the "Data analysis" part of MATERIALS AND METHODS, a total of 146 distant recurrence-associated DEPs were selected from the Stage IIIB and IIIC groups (Supplementary Figure S1B) ; the relative abundance of these proteins is listed in Table 2 . In the Stage IIIB group, 41 proteins were upregulated and 88 proteins were downregulated in patients who developed distant recurrence. In the Stage IIIC group, 13 proteins were upregulated and 8 proteins were downregulated in patients who developed distant recurrence. More than 50% of the DEPs exhibited a protein score greater than 10 (Supplementary Figure S1B) . Four proteins were differentially expressed in both the Stage IIIB and IIIC groups: MYH11, DES and CEP131 were downregulated in patients who suffered distant recurrence in both Stage IIIB and IIIC groups, while SDF2L was downregulated in Stage IIIB but upregulated in IIIC.
Of the 146 DEPs, the expression levels of at least 66 proteins (e.g. HMG1, CEA, C-reactive protein, etc.) have been previously reported to be associated with occurrence or progression of CRC (Supplementary Table S2 ), which provides strong support for the reliability of our MS data.
Over-representation analysis revealed that the expression of extracellular matrix, exosome and contractile fiber proteins are associated with distant recurrence in Stage III CRC To identify the recurrence-related physiological processes implicated by the DEPs, we next clustered the proteins into GO categories, biological pathways and protein complexes using bioinformatics tools.
First, we examined GO category over-representation of the upregulated, downregulated and overall DEPs using the ConsensusPathDB server (http://consensuspathdb. org/); only GO level 4 categories were screened for precise annotation.
As shown in Table 3 , the up-and downregulated proteins in the Stage IIIB group show significantly different over-representation. The samples from Stage IIIB distant recurrence cases overexpressed proteins involved in "defense response to fungus", "RAGE receptor binding", "RNA binding" and the "box C/D snoRNP complex". In contrast, proteins related to "extracellular matrix organization", "immunoglobulin receptor binding", "extracellular vesicular exosome" and the "IgM/A complex" were under-expressed.
As mentioned above, only 21 DEPs were identified in the Stage IIIC group. The upregulated proteins showed no significant over-representation among GO level 4 categories. However, downregulated proteins involved in "muscle system process", "contractile fiber" and "cytoskeleton" were enriched (Table 3) .
To get a glimpse of the biological pathways involved in distant recurrence in Stage III CRC, ConsensusPathDB was used to map the DEPs to pathway databases. As shown in Table 4 , fatty acid degradation-related and extracellular matrix-related pathways were over-represented among the DEPs in the Stage IIIB group, while muscle contractionrelated pathways were enriched in Stage IIIC DEPs.
To analyze the potential cooperation between the DEPs at a molecular level, we finally mapped the DEPs to protein complex databases, and identified that the Stage IIIB DEPs over-represented several protein complexes (Table 5 ) involved in ribosome biogenesis (Nop56p complex), chromatin metabolism (HMGB1 and CDCA5 complexes), alcohol metabolism (alcohol dehydrogenase)
Interaction network construction revealed hub proteins potentially regulating or cooperating with the DEPs
To reveal the potential interactions between the DEPs, interaction networks were constructed ( Figure 1 ). The generated networks not only contain the distant recurrenceassociated DEPs ("input nodes"), but also some highly correlative interactors or transcription factors ("intermediate nodes") that were not identified or whose expression levels were unaltered in MS. In the network of the Stage IIIB DEPs ( Figure 1A) , the proteins EED, CUL3, SIRT7, BAG3, POT1 and P55209 (NAP1L1) serve as hubs that converge the majority of represented protein interactions. Additionally, the transcription factor HNF4A potentially regulates as many as 18 DEPs, most of which were downregulated in patients who developed distant recurrence.
The induced network for Stage IIIC DEPs is less complicated and no apparent hub nodes were observed ( Figure 1B) . However, this network still revealed some potential interactors, such as SNAP23, SHBG, Destrin and TXN2 etc., and two SRF complexes that may potentially be involved in the transcriptional regulation of P62736 (ACTA2) and Q01995 (Transgelin).
IHC and statistical analysis revealed that R-Ras and Transgelin expression correlate positively with post-surgical prognosis in Stage III CRC
In the 146 DEPs, 107 proteins were both detected in IIIB and IIIC groups. Using the relative abundance values of the 107 proteins from the two MS experiments, t-tests were performed to find out the proteins showing statistically differential expression in distant recurrence patients regardless of CRC subdivision. As shown in Table 6 , 18 proteins were identified. In these proteins, we are interested in R-Ras and Transgelin, and their existence is supported by their unique peptide MS/MS spectra (examples are shown in Supplementary Figure  S2 ). As distant recurrence is associated with poor survival rates, we considered the possibility that the protein level of R-Ras or Transgelin might serve as post-surgical prognostic biomarkers in Stage III CRC.
To test the idea, tumor and para-tumor tissues from 192 eligible Stage III CRC patients were analyzed. The patients were dichotomized as high or low protein expression based on IHC staining (Supplementary Figures  S3 and S4 ). We observed that low expression of R-Ras or Transgelin was correlated with the tumor tissues, but not with the para-tumor tissues (Supplementary Table S3) .
We next assessed the association of R-Ras or Transgelin expression with CRC patients' clinicopathological features. Unpaired t-tests showed that their expression is not associated with factors reflecting the general condition of the patients, such as gender and age, neither with the tumor location or differentiation degree (Tables 7 and 8 ). However, the levels of R-Ras and Transgelin were associated with the plasma CEA level.
To evaluate the correlation of R-Ras or Transgelin with patients' survival, Kaplan-Meier analysis was performed and we observed that low R-Ras or Transgelin levels were positively correlated with survival of patients with Stage III CRC (Figure 2 ). To identify whether R-Ras or Transgelin expression serves as an independent predictor of patients' survival, univariate and multivariate analysis were conducted. As shown in Tables 9 and 10 , univariate analysis showed that the expression of R-Ras and Transgelin, CEA level, tumor differentiation and AJCC stage were 
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Ig gamma-3 chain C region GN=IGHG3 The relative abundance was calculated with TMT-126 labeled sample set as 1.000 in each experiment (ND, not detected). GN, gene name. The percentages in the parentheses reflect the proportion of the over-represented genes of the input to the total gene number of corresponding GO categories. NA, not available, NSS, not statistically significant. significant prognostic factors for OS and DFS in patients undergoing "curative" surgery. However, in multivariate Cox-regression analyses, only R-Ras and AJCC stage were prognostic factors for OS, while only Transgelin and tumor differentiation were prognostic factors for DFS. Finally, we assessed the combined prognostic value of R-Ras and Transgelin for survival in Stage III CRC. Kaplan-Meier Method analysis revealed that concurrent downregulation of R-Ras and Transgelin was correlated with significantly lower 5-year OS and DFS, while concurrent positive expression was associated with a better prognosis (Figure 2 and 3) .
R-Ras promotes migration and invasion in CRC cell lines
In the proteomic and statistical studies described above, we found that under-expression of R-Ras protein was associated with distant recurrence and poor prognosis in Stage III CRC. Therefore, we investigated the mechanism by which the R-Ras protein may be involved in the development of cancer.
We constructed stable R-Ras knockdown cell lines using lentivirus-mediated RNAi. In both SW480 and HCT116 cells, when we stably expressed 3×Flag-R-Ras in the cell lines at a level comparable with the endogenous (Figure 4A ), enhanced migration and invasion were observed in the Transwell assays ( Figure  4B, 4C) . Consistent with this finding, when endogenous R-Ras was down-regulated using shRNAs, the migration and invasion potential of the cell lines were significantly attenuated ( Figure 4D, 4E) . Additionally, the CCK8 assay revealed that neither knockdown nor over-expression of R-Ras altered the proliferation of SW480 or HCT116 cells (Supplementary Figure S5) . These results suggest R-Ras does not participate as either a causal or critical factor The percentages in the parentheses reflect the proportion of the over-represented genes of the input to the total gene number of corresponding pathways. NA, not available, NSS, not statistically significant. www.impactjournals.com/oncotarget in distant recurrence and its downregulation occurs in parallel with or as a result of the acquisition of enhanced metastatic ability.
DISCUSSION
Differences in distant recurrence-associated DEPs between Stage IIIB and IIIC implies molecular transformation during CRC development
Several previous proteomics studies have been carried out using specimens from patients with CRC (reviewed in [7] ), however, none have examined the molecular differences in tumor tissues from patients with Stage III who achieved a good outcome and those who suffered distant recurrence, or assessed the differences separately in IIIB and IIIC subgroups. In this study, we used TMT-based MS to investigate distant recurrenceassociated DEPs in patients with Stage IIIB and IIIC CRC. We identified a much larger repertoire of DEPs in Stage IIIB than in Stage IIIC CRC, with an overlap of only four proteins.
The subdivisions of Stage IIIA, IIIB and IIIC were introduced in the 6 th edition of the TNM staging system [8] . The number of positive lymph nodes distinguishes Stage IIIB and IIIC, and this numerical cutoff was determined on the basis of 5-year survival rates [5, 6] . In the 7 th edition of the TNM, T4bN1 was classified as IIIC [9] . This reclassification was not involved in the MS experiments of this study. The presence of cancer cells in the regional lymph nodes is a consequence of tumor-host interactions [10] . In this study, 129 post-surgical distant recurrence-associated DEPs were identified in patients with Stage IIIB CRC. However, only 21 DEPs were identified in patients with Stage IIIC. Three proteins were downregulated in patients with distant recurrence in both the Stage IIIB and IIIC groups: MYH11, DES and CEP131. MYH11 and DES, together with the Stage IIIC-specific downregulated proteins ACTA2, TPM2 and SYNM, are involved in muscle contraction and are reported be intensively expressed in pericytes that surround carcinomatous glands and microvessels [11] . Downregulation of these proteins and Transgelin, which was validated by IHC, suggests that pericyte recruitment defect, which leads to leaky microvessel walls and promotes tumor metastasis [12] . In patients with Stage IIIB CRC who suffered distant recurrence, the levels of ACTA2, TPM2, SYNM and Transgelin were also lower than those of patients with a good outcome, though these differences did not exceed the 1.5-fold change threshold. This evidence indicates that in the later stages of CRC development characterized by more extensive regional lymph node invasion (e.g. Stage IIIC), weakening host defenses around vessels plays a dominant role in determining distant recurrence.
GO analysis also revealed 14 proteins involved in extracellular matrix organization that were differentially The percentages in the parentheses reflect the proportion of the over-represented genes of the input to the total gene number of corresponding protein complexes. NA, not available, NSS, not statistically significant. Transgelin negative and positive expression. Poorer survival was seen in the patients whose tumors showed negative expression of R-Ras or Transgelin.
expressed in patients with Stage IIIB who suffered distant recurrence. Most of these proteins, except cartilagespecific ACAN, were downregulated, which is consistent with previous reports [13] . The remaining 13 proteins, except for MYH11, were either undetectable or unaltered in patients with Stage IIIC who suffered distant recurrence. The GO Cellular Components Category "extracellular vesicular exosome" was over-represented among Stage IIIB distant recurrence-associated downregulated proteins, as well as among total DEPs. These 60 exosomal proteins accounted for almost half of the total Stage IIIB DEPs, and most of these (47 out of 60) were under-expressed. It has been reported the exosome level in the blood of patients with CRC correlates negatively with prognosis [14] . Together with our discovery, this data indicates that primary tumors prone to metastasis may possess the propensity to release large quantities of exosomes. According to previous reports [15] , exosome release facilitates cellular communication and horizontal gene transfer, and therefore modulates the tumor microenvironment and promotes malignancy. On the other hand, pathway over-representation analysis revealed that proteins involved in "fatty acid degradation" were also enriched in patients with Stage IIIB who developed distant recurrence. Cancer cells require an extra supply of fatty acids for rapid proliferation and other activities [16] , such as exosome secretion -as identified in this study. Downregulation of fatty acid degradation proteins would be one way of increasing the supply of fatty acids. Notably, the alternative mechanism, increased expression of fatty acid synthetases (e.g. ACLY and FASN etc.) was not observed in this study.
Proteins of the IgM and IgA complexes (IGHA2, IGHM and IGJ) were also downregulated in patients with Stage IIIB who suffered distant recurrence, but not in the Stage IIIC group. Since IgM and IgA are secreted from plasma cells to intestinal mucous membrane surfaces, decreased levels of IgM and IgA may reflect severe mucosal dysfunction in patients with Stage IIIB who suffer distant recurrence.
All of the evidence discussed above indicates that in the earlier stages of CRC development characterized by limited regional lymph node invasion (e.g. Stage IIIB), large biochemical distortions in cancer cells themselves, involving the extracellular matrix, exosomes and fatty acid mechanism, confer metastatic potential to CRC.
Transcriptional regulation mediated by HNF4A may play a pivotal role in triggering distant recurrence in Stage IIIB CRC HNF4A is a transcription factor potentially required for the development of pancreas and liver [17] . Mutations in this protein have been associated with diseases, such as MODY1 [18] , NIDDM [19] and FRTS4 [20] . In 2012, a focal amplification enrichment was identified near HNF4A gene in CRC tissues [21] , indicating HNF4A may function in CRC. Further in 2015, Tian et al. reported that the HNF4A promoter is aberrantly hypermethylated in CRC [22] .
In this study, we only detected HNF4A protein in IIIB samples and induced interaction network revealed there are 18 Stage IIIB DEPs potentially under the control of HNF4A, most of which were under-expressed. However, quantification results did not identify HNF4A as a DEP. This indicates that other factors, such as chromatin recruitment or post-translational modification, were probably involved in the regulation of HNF4A's function. 
R-Ras and Transgelin participate in distant recurrence via different mechanisms
R-Ras is a member of the Ras GTPase family, but is less well-characterized than K-, H-and N-Ras [23] ; the function of R-Ras in CRC has not yet been determined. The role of Transgelin in cancer is controversial. Some researchers consider Transgelin to be a tumor suppressor [24] , while others have reported it promotes cancer cell migration and invasion [25, 26] . In this study, we showed the expression of R-Ras and Transgelin positively correlated with the survival of patients with Stage III CRC.
As illustrated in Supplementary Figures S3 and S4 , R-Ras and Transgelin showed different expression patterns in the para-tumor tissues. R-Ras was mainly expressed in crypt epithelial cells, which are the main origin of CRC (e.g. adenocarcinoma, > 90% of CRC cases [27] ), while Transgelin was mainly expressed in the cells of the lamina propria. In tumor tissues, positive R-Ras signal was mainly detected in proliferating cancer cells, while Transgelin staining was concentrated in the "grids" that separate adenocarcinomatous glands.
As our results showed a low level of R-Ras was associated with distant recurrence in Stage III CRC, we initially supposed that R-Ras functions as a tumor suppressor. However, the Transwell assays revealed that R-Ras actually promoted the migration and invasion of CRC cell lines (Figure 4) . One explanation for this paradox is that down-regulation of R-Ras accompanies the acquisition of increased metastatic ability and does not Transgelin is not highly expressed in CRC cells; instead, it was detected in the cells of the lamina propria. Transgelin may play an important role in maintaining an intact barrier around the primary site formed by cancerous crypt epithelial cells, which may prevent the metastasis of CRC.
MATERIALS AND METHODS
Reagents
Sequencing-grade trypsin and endoproteinase Lys-C were purchased from Roche (Penzberg, Upper Bavaria, Germany) and Promega (Fitchburg, WI, USA), respectively. TMT Mass Tagging Kits and Reagents were purchased from Thermo Scientific Pierce (Rockford, IL, USA). Crystal violet, Transwell permeable supports (24-well) and Cell Counting Kit -8 (CCK-8) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Matrigel was purchased from BD Biosciences (Franklin Lakes, NJ, USA). Puromycin was purchased from Invitrogen (Middlesex, MA, USA).
Antibodies used in this research were: anti-FLAG (F1804, Sigma-Aldrich); anti-Transgelin (ab14106; Abcam, Cambridge, Cambridgeshire, UK); anti-R-Ras (sc-523; Santa Cruz Biotechnology, Dallas, TX, USA) and anti-R-Ras (#8446; Cell Signaling Technology, Danvers, MA, USA).
Acclaim PepMap RSLC columns were purchased from Thermo Scientific Dionex (Sunnyvale, CA, USA). Reversed-phase column Oasis® HLB and Xbridge BEH300 C18 columns were purchased from Waters (Milford, MA, USA). 
Cell lines
Lentivirus-mediated knockdown and overexpression
Three plasmids bearing shRNAs targeting different sections of R-Ras mRNA (NM_006270.4) were constructed using the lentivirus-derived vector pLvshRNA-KP (Era Biotech, Shanghai, China). Targeting sequences were CCACTATTGAGGACTCCTACA and CCTGCTGGTGTTCGCCATTAA. The control sequence was CAACAAGATGAAGAGCACCAA.
To construct the R-Ras over-expressing plasmid, the ORF of R-Ras (NM_006270.4) was cloned into the lentivirus-derived vector pLv-CP06 (Era Biotech, Shanghai, China) to express exogenous R-Ras with an N-terminal 3× Flag tag.
Lentivirus particles were produced by cotransfection of lentivirus vector and the packaging plasmids pCMV-VSV-G, pCMV-Gag-Pol and pRSVRev (Era Biotech, Shanghai, China) into HEK293T cells. Viral supernatant was harvested at 48 h and 72 h posttransfection. Cells was transduced with the supernatant and 8 ug/ml polybrene. At 48 h post-transduction, stable SW480 and HCT116 cells were selected by 10 µg/ml and 5 µg/ml puromycin respectively.
In vitro migration and invasion assays 3 × 10 4 SW480 or HCT116 cells in serum-free media were seeded in the upper chambers of Transwell inserts (coated with Matrigel for the invasion assay). Media containing 10% FBS was placed in the lower chamber. After 24 h of incubation, the cells remaining on the membrane upper surface were removed, and the cells that had migrated or invaded through the membrane were fixed in anhydrous methanol and stained with 0.2% crystal violet solution. The migration or invasion activity of the cells was evaluated by the counting cells under an inverted microscope at ×100 magnification. For every chamber, at least 5 fields of view covering the center and periphery of the membrane were assessed. The cell number per field is the mean cell number for the 5 fields (± standard deviation). Differences between cell lines were analyzed using the Student's t-test.
Cell proliferation assay
Cell proliferation rate was determined with Cell Counting Kit-8 (CCK-8) according to the manufacturer's instructions. Briefly, Cells were trypsinized and resuspended in complete medium and plated on 96-well plates (SW480 at 4000 cells/well, HCT116 at 2000 cells/ well). At 24, 48, 72 h after incubation, 10 μL of CCK-8 solution was added and mixed well with medium, followed by incubation in the dark for 2 h. Absorbance at 450 nm was then measured on a microplate spectrophotometer (Varioskan LUX, Thermo Scientific).
Patients and cancer tissues
A total of 192 patients diagnosed with Stage III CRC in Peking Union Medical College Hospital (PUMCH, Beijing, China) were recruited to this study consecutively from 2008 to 2012. None of the patients had chemo-or radiation therapy before "curative" surgery. After surgical excision, CRC tissues were washed thoroughly with ice-cold phosphate buffered saline (PBS) and divided for liquid nitrogen freezing and formalin fixation -paraffin embedding separately.
The medical history and the post-surgical physical examination information of the patients were obtained from the CRC Surveillance Program of the Division of General Surgery of PUMCH. This includes determination of carcinoembryonic antigen-related cell adhesion molecule 5 (CEA) every 3 months for the first 3 years and every 6 months in years 4 and 5 after surgery, colonoscopy in the first year and every 3-5 years thereafter, and other examinations such as a chest X-ray, abdominal ultrasound or CT scans of the chest and abdomen every 6 months for the first 5 years and annually in the sixth to tenth years after diagnosis. Patient data were collected retrospectively through chart review. Complete follow-up, ranging from 2.1 to 84.3 months, was available for all patients and the mean survival time was 42.9 months. At the time of censoring the data, 49/192 (25.5%) patients had died.
The study was performed with the informed consent of the patients and the approval of the Ethics Committee of PUMCH.
TMT labeling
Cancer tissues were ground in liquid nitrogen and solubilized in lysis buffer (8 M urea in PBS, pH 8.0) containing protease inhibitors. After incubation on ice for 30 min, the pellets were spun down and discarded. The supernatant protein concentration was determined via BCA method.
Proteins were reduced and alkylated with dithiothreitol (DTT) and idoacetamide (IAA), and then diluted with seven-fold volume of PBS. Digestion with Lys-C and trypsin followed the manufacturer's protocol and the reaction was quenched by heating.
Digested proteins were desalted, dried and finally solved in 200 mM triethylammonium bicarbonate buffer. TMT labeling was performed using TMT Mass Tagging Kit following the manufacturer's protocol. Different TMT labels were used to label the different samples in each group, as shown in Table 1 . In group IIIB, TMT-126 labeled the G1 sample; TMT-127 for the G2 sample; TMT-128 for the P1 sample; and TMT-130 for the P2 sample. In group IIIC, TMT-126 labeled the G3 sample; TMT-128 for the G4 sample; TMT-130 for the P3 sample; and TMT-131 for the P4 sample.
After labeling, each group samples were pooled, dried and solved in 0.1% trifluoroacetic acid (TFA). The solved two samples were desalted and dried again, and finally solved in 100 µl of 0.1% TFA separately.
Each pooled TMT-labeled samples were further fractionated into 50 fractions using an Xbridge BEH300 C18 column on a Thermo UltiMate 3000 UPLC workstation. Based on the peptide abundance of each fraction, the fractions were combined into 20 samples, dried, and finally solved in 0.1% formic acid for MS analysis.
Mass spectrometry
LC-MS/MS was performed as described previously [28] with slight modifications. Briefly, the samples were resolved using an Acclaim PepMap RSLC column on a Thermo Scientific UltiMate 3000 RSLCnano System. The eluate was online electrosprayed and analyzed using a Thermo Scientific Q Exactive Hybrid QuadrupoleOrbitrap Mass Spectrometer in positive-ion mode. The MS data from a single full-scan mass spectrum in Orbitrap (350-1,500 m/z, 60,000 resolution) followed by a Top10 data-dependent MS/MS scan at 27% highenergy collision-induced dissociation were collected using Thermo Scientific Xcalibur 2.1.2 software in data acquisition mode.
Data analysis
Protein identification and TMT-based quantification were performed using Proteome Discoverer 1.4 software (Thermo Scientific). In detail, the spectra were extracted from raw MS data files and searched against the SwissProt reviewed human proteome database (downloaded on July 18, 2015, number of protein entries = 20,207) using the Sequest HT algorithm. Precursor Mass Tolerance was 20 ppm, Fragment Mass Tolerance was 0.02 Da and a maximum of two missed cleavages was allowed. Total Intensity Threshold was 20,000 and Minimum Peak Count was 200. Carbamidomethylation (on C) and TMT 6plex (on K and peptide N terminal) were set as static modification, and oxidation (on M) was set as dynamic modification. Protein identification was considered valid if at least one peptide was statistically significant (with a false discovery rate (FDR) of 5%). Default values were used for all other parameters not mentioned above.
TMT 6plex was chosen as the quantification method. Reporter monoisotopic m/z was tuned according to the raw spectra data. Proteins were quantified based on only the unique peptide ratio. Protein relative abundances are presented as the ratios to TMT-126.
Search results were read using Proteome Discoverer 1.4 with high peptide confidence filter. To compare protein abundance between patients, the ratios of the protein ACTB were used for normalization between each patient.
The differential expression threshold was defined as 1.5-fold change. As samples from two patients with a good outcome and two patients who suffered distant recurrence were present in each quantification assay, DEPs associated with distant recurrence were defined as proteins whose relative abundances of the two distant recurrence patients were both at least 1.5-fold greater than any one of the good outcome patients.
